This paper proposes a new load monitoring system of electric appliances based on Hidden Markov Model (HMM). Monitoring of electric appliances under operation is expected to lead to understanding needs of power consumers and forecasting power demands in future.
Load Monitoring System of Electric Appliances Based on Hidden Markov Model
Hisahide Nakamura Member (TOENEC Corporation) Koichi Ito Member (TOENEC Corporation) Tatsuya Suzuki Member (Nagoya University)
Keywords: load monitoring system, Hidden Markov Model, pattern recognition, electric appliance This paper proposes a new load monitoring system of electric appliances based on Hidden Markov Model (HMM). Monitoring of electric appliances under operation is expected to lead to understanding needs of power consumers and forecasting power demands in future.
In previous works, the monitoring was carried out by developing some special equipments for measurement and/or by collecting information by means of questionnaires. However, development of special equipments and questionnaire survey need high labor and cost. Moreover, the consumer may feel uncomfortable for these activities. Therefore, it is highly recommended to monitor the running electric appliances without installing any expensive equipments nor invading consumers buildings.
When a certain electric appliance runs, the current waveform flowing in it shows specific characteristics. This implies that it is quite reasonable to pay attention to the pattern of current waveforms for recognition of used electric appliances. In this paper, HMM, which is widely used for the analysis of time series data, is introduced as the recognizer for the current waveforms.
HMM is characterized by three important parameters as follows: transition probability a i j , output probability b i (x) and initial state probability π i . The scenario of recognition based on HMM is divided into two stages; the training stage and recognition stage. In the training stage, the parameters are updated to maximize the likelihood of measured current waveforms, i.e., maximize P(O|λ) where O represents the measured current waveform. Each HMM is trained by using current waveform flowing in each electric appliance in the same way. In the recognition stage, the likelihood for the unknown measured current waveform O unknown is calculated for all HMM trained in advance. Then, the electric appliance which corresponds to HMM showing highest likelihood can be recognized as the working appliance.
The proposed method was applied to the load monitoring of electric appliances in a household. First of all, some electric appliances which were widely used in the household were specified. Then, the current waveforms flowing in them were measured. Figures 1 and  2 show the current waveforms flowing in a refrigerator and a television, respectively. As shown in these figures, the current waveforms show different characteristics according to the electric appliance. Based on these measurements, each HMM was trained for each electric appliance. Finally, pattern recognitions were carried out for measured current waveforms which were not used for the parameter training. As a result of recognition, all unknown waveforms were recognized successfully, and it has been proven that the load monitoring based on pattern recognition of current waveforms using HMM is quite promising. This paper proposes a new load monitoring system of electric appliances based on Hidden Markov Model. Monitoring of electric appliances under operation is expected to lead to understanding needs of power consumers and forecasting power demands in future. When a certain electric appliance runs, the current waveform flowing in it shows specific characteristics. Therefore, it is quite reasonable to pay attention to the pattern of current waveforms for recognition of used electric appliances. In this paper, Hidden Markov Model, which is widely used for the analysis of time series data, is introduced as the recognizer for the current waveforms. The usefulness of the proposed method is verified through some experiments using real measured data. 
